Background: Current guidelines recommend spirometry to confirm a diagnosis of chronic obstructive pulmonary disease (COPD).
Introduction
Persistent airflow limitation is the physiological hallmark of chronic obstructive pulmonary disease (COPD). This can be confirmed by post-bronchodilator spirometry. A lung function test is recommended for subjects presenting with respiratory symptoms and/or exposure to tobacco smoke or other risk factors. 1, 2 In 2020 COPD will be the third leading cause of death worldwide. The increasing prevalence and mortality of COPD are related to both the ageing of the global population and the exposure to cigarette smoke or other harmful dusts and fumes. 3 However, the epidemic of COPD is currently characterised by a high proportion of non-diagnosed cases. 4 Underutilisation of spirometry, low test quality, and insufficient interpretation are likely to contribute to the underdiagnosis of COPD. 5 We investigated whether subjects with a reported diagnosis of COPD would also report a lung function test in the past.
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PRIMARY CARE RESPIRATORY JOURNAL www.thepcrj.org Theoretically, all subjects with reported COPD should have had such a test in the past if guideline recommendations are followed. However, a reported lung function test in the past does not necessarily guarantee that this test was performed and interpreted correctly. To estimate the overall performance of lung function tests, we analysed whether the likelihood for a correct COPD diagnosis was different in subjects reporting and not reporting a prior lung function test.
Methods
Study population
A gender-stratified random sample of 2,200 participants (1,100 men and 1,100 women) from the inhabitants of Salzburg County aged >40 years was examined in accordance with the Burden of Obstructive Lung Disease (BOLD) protocol. 6 Details of the study population and the prevalence of airways obstruction have been reported elsewhere. 7 The study was approved by the local ethical committee and all participants provided informed consent.
Study measures
Spirometry was performed according to American Thoracic Society (ATS) criteria 8 by trained and certified technicians using the NDD Easy One TM spirometer (ndd Medical Technologies Inc, Switzerland) with participants in a seated position. Separate measurements were taken before and at least 15 mins after two puffs of salbutamol (200μg) from a metered dose inhaler, administered using a Volumatic spacer (GlaxoSmithKline, UK). Spirometry data were sent electronically to the Pulmonary Function Quality Control Centre in Salt Lake City, Utah, USA, where each spirogram was reviewed and graded using ATS guidelines. 8 Only spirograms that met ATS acceptability and reproducibility criteria were included -that is, at least three trials: two acceptable (free from artifact, sudden stops, and back extrapolated volumes >5.0% of forced vital capacity (FVC)) and reproducible (difference between the largest and second largest values <200mL) for both forced expiratory volume in one second (FEV 1) and FVC.
Study technicians were continuously monitored. When a technician's quality score dropped below a pre-set level, he/she had to stop testing and be re-trained and re-certified.
Questionnaire data
The BOLD questionnaires, administered by trained and certified staff, included information on respiratory symptoms, risk factors for COPD, health status, co-morbidities, respiratory diagnoses, and limitation of activity.
Definitions
In accordance with the Global initiative for chronic Obstructive Lung Disease (GOLD) guidelines, persistent airflow limitation was defined as a post-bronchodilator FEV 1/FVC ratio of <0.70, which corresponds to GOLD grade I and higher. 2 We also report data for GOLD grade II or higher, which corresponds to FEV 1/FVC ratio <0.70 and FEV1 <80% predicted. The Third National Health and Nutrition Examination Survey (NHANES III) reference equations were used to calculate predicted values. 9 Doctor-diagnosed COPD was defined as a selfreported physician (general practitioners in Salzburg city and Salzburg county) diagnosis of COPD and/or emphysema. Among those who reported a diagnosis of COPD and/or emphysema, we also recorded how many reported a diagnosis of chronic bronchitis. Ever smoking (current or former smoking) was defined as smoking more than 20 packs of cigarettes in a lifetime or more than 1 cigarette/day for a year. A prior lung function test was defined as present when the question "Has a doctor or other health care provider ever had you blow into a machine or device in order to measure your lungs?" was answered with "yes". This was assessed for both the last 12 months and for any time in the past.
The staff who administered the questionnaire were trained and certified. In case of doubt they were able to explain the difference between a peak flow meter and a spirometer.
Statistical analysis
The statistical analysis was performed with SAS Version 9.1. Logistic regression (log-binomial regression model) analysis (unadjusted and adjusted) was used to investigate likelihood ratios associated with a correctly confirmed COPD diagnosis. Likelihood ratios were adjusted for age, sex, smoking, and reported respiratory symptoms. The level of significance is defined and described as p value, and p<0.05 was considered to be statistically significant.
Results
Of the 1,349 participants with complete questionnaire data and post-bronchodilator spirometry, 1,258 (93%) met the quality control criteria and were included in this analysis. The characteristics of this population are given in Table 1 . The prevalence of persistent airflow limitation corresponding to COPD GOLD grade I+ and COPD GOLD grade II+ was 24.2% (304/1,258) and 9.5% (119/1,258), respectively. A prior physician's diagnosis of COPD was reported by 5.4% of the study population in both males and females.
Prior physician's COPD diagnosis and persistent airflow limitation Only 11.5% (35/304) of subjects with persistent airflow limitation reported a prior physician's diagnosis of COPD, while 88.5% (269/304) did not. On the other hand, 3.5% (33/954) of subjects without airways obstruction also reported a physician's diagnosis of COPD. Therefore, 48.5% (33/68) of all reported COPD diagnoses were false positive and 88.5% of subjects with persistent airflow limitation were undiagnosed (Figure 1 ).
Prior lung function tests and reported diagnosis of COPD
The proportion of subjects who reported having a lung function test either in the last 12 months (Figure 2 ) or at any time in the past was 12.2% (153/1,258) and 41.2% (518/1,258), respectively. Among subjects with a reported physician's diagnosis of COPD, only 25.0% (17/68) reported having a lung function test within the last 12 months and 67.6% (46/68) at any time in the past.
The likelihood ratio for a correct COPD diagnosis, defined as a reported prior physician's COPD diagnosis and the concurrent presence of persistent airflow limitation (COPD GOLD grade I+), was 2.21 (95% CI 0.89 to 5.50) among those who reported having a lung function test during the last 12 months and 3.39 (95% CI 2.00 to 5.77) among those not reporting a lung function test during the same period (p=0.427 for comparison of the two likelihood ratios).
The corresponding likelihood ratios for a correct COPD diagnosis, defined as a reported prior physician's COPD diagnosis Crude likelihood ratios (95% CI) Adjusted likelihood ratios (95% CI) The results were robust when the confounders sex, age, smoking, and respiratory symptoms were taken into account (see Tables 2 and 3) .
Discussion
Main findings
Our findings show relevant shortcomings associated with the diagnosis of COPD and the use of spirometry. In the participants of the BOLD study in Salzburg, Austria we observed that: (1) among participants with a reported prior physician's diagnosis of COPD, only 25% reported a lung function test within the last 12 months and only 68% at any time in the past; (2) the likelihood of a correct COPD diagnosis was not different among those reporting or not reporting a prior lung function test; (3) our results suggest that lung function testing is greatly underused to diagnose and monitor COPD and, when used, the quality appears to be of too low to establish a correct diagnosis.
Strengths and limitations of this study
For this analysis we used data from the population-based BOLD study in Salzburg, Austria. Questionnaire data and post-bronchodilator spirometry data were recorded following the highly standardised international BOLD study protocol. 6 In Salzburg (one of nine counties of Austria), general practitioners are reimbursed for spirometries by health insurance. In other areas of Austria and in several other European countries, general practitioners are not reimbursed for lung function testing. Our findings may not apply to regions/countries without reimbursement. However, it has to be supposed that the use of spirometry is even less frequent when reimbursement is lacking. Finally, both previous lung function testing and physician diagnosis were based on self-reporting, which can be subject to recall bias. Subjects with a reported previous diagnosis of asthma were excluded from this analysis. However, since reported diagnoses can be subject to recall bias, we cannot be absolutely sure that every case of chronic asthma with persistent airflow limitation has been excluded.
Interpretation of findings in relation to previously published work
Underdiagnosis of COPD has been reported for many countries. For example, the rates of underdiagnosis in Spain and Sweden were reported to be 78% and 89%, respectively. 10, 11 Ten years after IBERPOC, underdiagnosis in Spain changed from 78% to 73%. 12, 13 Using data from the BOLD study, we recently reported a rate of underdiagnosis of 88% in Austria. 14 On the other hand, our data show that many subjects with a reported diagnosis of COPD do not have persistent airflow limitation when spirometry is performed according to internationally accepted quality control standards. These results indicate that a reported COPD diagnosis is poorly associated with airways obstruction on post-bronchodilator spirometry. On the one hand our data support the notion that many subjects with COPD are undiagnosed. On the other hand, a few others without obstructed airways (in our data 33/68 (48.5%)) are wrongly misdiagnosed and costly and potentially harmful medication may be prescribed to them. 15 In current clinical practice COPD is often diagnosed exclusively on the basis of the presence of respiratory symptoms, 16 and some general practitioners still believe that spirometry is neither necessary nor helpful to diagnose COPD. 17 This is in contrast to current guidelines (GOLD, National Institute for Health and Clinical Excellence, European Respiratory Society/American Thoracic Society) which state that a confident diagnosis of COPD can only be made with spirometry. 2, 18, 19 Although spirometry does not fully capture the impact of COPD on a patient's health, it is still the gold standard for diagnosing the disease and monitoring its progression. 2 To date, the BODE index (body mass index, airflow obstruction, dyspnoea, and exercise capacity) and other multicomponent indices used to assess the local and systemic consequences of COPD holistically include spirometry. 20, 21 Periodic spirometric measurements help to track a patient's decline in lung function, but useful information about lung function decline is unlikely from measurements performed more than once a year. 2 In our sample, only 25% of those with a physician's diagnosis of COPD reported a lung function test within the last 12 months. Our data therefore indicate that spirometry is infrequently used for both diagnosing the disease and monitoring its progression.
The infrequent use of spirometry in GP offices and subsequent lack of experience causes uncertainty about both the performance and interpretation of a lung function test, 22 as recently emphasised by the UK Primary Care Respiratory Society (PCRS-UK). 23 A comparison of lung function test interpretations by family physicians and by pulmonary specialists showed concordant results in only 76% of cases. 24 There are several explanations and reasons for the underuse of spirometry, of which time constraints, staffing, and poor training with subsequent lack of confidence in data interpretation are thought to be the most important contributors. 25, 26 The last of these might explain why spirometry (when performed) was not found to increase the likelihood of a correct respiratory diagnosis. However, well-trained office spirometry can be achieved and training of GP offices has been shown to increase the number of spirometry tests in the three months following training by about 60%, equivalent to an average (median) weekly increase in spirometry from one test every two weeks to one test every week. 22 
Implications for future research, policy and practice
The results of the BOLD study have shown that quality goals for spirometry tests can be met about 90% of the time in populationbased samples of adults from several countries. 27 Thus, more frequent use of properly performed lung function tests would be likely to increase the rate of correct COPD diagnoses and help to initiate early interventions (e.g. smoking cessation). This would result in improved patients' health status, slow down the decline in lung function, 28 and could avoid exacerbations by prescribing appropriate medication. 29, 30 Centralisation of spirometry may be an alternative to well-trained office testing. A Community Respiratory Assessment Unit was established in 2004 in West London to provide high-quality spirometry and diagnostic support to primary care physicians. In this case, centralisation of spirometry via a dedicated service has been
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Conclusions
We observed a significant underutilisation of spirometry among those with a diagnosis of COPD and, when spirometry was used, it was not found to increase the likelihood of a correct COPD diagnosis. These results should not be disregarded in the ongoing debate about screening for COPD, case finding, or selected early detection. However, to reduce underdiagnosis and overdiagnosis of COPD, every effort should be undertaken to establish quality managed spirometry programmes in primary care.
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